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Abstract

:

This work investigated the effects of potassium mineral fertilizers, combined with biofertilizers (T1–T4 treatments) and the foliar spraying of seaweed extract (at 1 g/L, 2 g/L, and 3 g/L) on the vegetative growth characters, chemical constituents of foliage, and the yield and quality parameters of globe artichoke. The maximum height, and the fresh and dry weight of the leaves, was recorded in plants that received only soil with added potassium (T1 treatment) and sprayed with seaweed extract at 3 g/L. Furthermore, the highest number of offshoots per plant was registered in the T2 treatment combined with seaweed extract (3 g/L). T1 and T2 treatments resulted in the highest values of leaf N, P, K, and total carbohydrate content when combined with seaweed extract (3 g/L). The highest numbers of early, late, and total heads per plant were obtained for the T1 treatment and seaweed extract (3 g/L). Similarly, most of the head quality parameters were beneficially affected by the T2 treatment and seaweed extract (3 g/L). In conclusion, it is suggested that soil application of mineral potassium fertilizer (75% of RD) combined with biofertilizer (25% of RD) and the foliar spraying of seaweed extracts at 3 g/L, was most beneficial for the yield and quality parameters of globe artichoke plants.
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1. Introduction


Globe artichoke (Cynara cardunculus (L.) subsp. scolymus) is widely cultivated throughout the Mediterranean region, and it is usually consumed in fresh and processed forms. Its high content of phenolic compounds, flavonoids, inulin, dietary fiber, and numerous minerals make it suitable for multiple uses in the industrial sector [1,2]. Cynarin, which is usually found in various plant parts, exhibits beneficial effects against hepatobiliary disorders, hyperlipidemia, dropsy, rheumatism, and blood cholesterol levels [3,4,5]. According to FAO statistics for the 2020 season, Egypt ranked second in the world with regards to total production and harvested area, with a total of 308,884 tons produced from 16,103 hectares [6]. Nowadays, there is increasing demand on promoting artichoke production to meet rising needs for local consumption, as well as for export due to consumer awareness of functional foods with positive health effects [7]. Moreover, the valorization of crop by-products has been suggested as a means to increase the added value of this valuable and resilient crop within the climate change context [8,9].



Potassium (K) is an essential macronutrient for cultivated plants, with variable responses related to plant growth and yield parameters previously recorded [10,11,12]. The major role of K in plant cells and cell compartments is to maintain electrochemical balance and to regulate enzyme activity [13]. Potassium plays a crucial part in the transport and storage of assimilation products, as well as in tissue water balance, gas exchange regulation, protein synthesis, and enzyme activation [11]. Due to its role in boosting root growth and increasing the size of fruits, K is critical for product quantity and quality [14]. It is also required for the production of carbohydrates and the transportation of sugars in plants, while it may improve the earliness and quality of the final product, such as for artichoke heads [15,16,17]. Due to economic and environmental concerns, the excessive use of nutrient fertilizers is not recommended as it results in environmental pollution and increased production cost [18]. In contrast, insufficient amounts of nutrient fertilizers cannot meet plant requirements throughout the growing season, ending in reduced yields and quality of the final product [19]. Apart from providing the proper amounts of nutrients, the time of application and the applied doses, as well as the form of nutrients, may affect crop productivity and quality [20]. Previously, many studies found strong links between the amount of N and K in the soil and the production of artichokes [21,22,23].



The climate crisis the world is facing, combined with soil degradation and the increase in the world population, urge for the adoption of sustainable farming techniques [24]. Especially for Mediterranean farming, land fragmentation and labor shortages necessitate minimizing production costs while increasing the added value of the crops at the same time [25,26]. In this regard, biofertilizers are an environmentally friendly option for providing the adequate nutrients to crops and also improving soil quality [27,28]. Recently, Mohamed et al. [28] suggested the combined application of mineral potassium fertilizers and biofertilizers as an effective means to improve the yield and quality of broccoli, while Ali et al. [20] reported a similar response to combined fertilization regimes in potato crops. The use of biofertilizers that contain potassium solubilizing bacteria (PSB), i.e., silicate bacteria, has been proposed as a long-term solution for improving plant growth and nutrition, as well as plant tolerance to biotic and abiotic stress factors [29,30]. Furthermore, inoculation with PSB is associated with soil improvement through the creation of humus and the dissolution of minerals bound to organic matter [31]. Another sustainable and environmentally friendly agronomic practice is the use of biostimulants, which is of particular interest in horticultural crop production [32]. As suggested by Du Jardin [11], biostimulants are used to improve nutrient uptake and increase yield and crop quality, via various mechanisms, and also show variable responses depending on the crop–biostimulant combination [32]. Seaweed extracts are a promising group of biostimulant products with several beneficial effects on horticultural crops, especially under stressful conditions [33,34,35]. The recorded effects are associated with the presence of mineral elements (N, P, Fe, Cu, Zn, Co, Mo, Mn, Ni), and metabolites, such as hormones (IAA and IBA), vitamins, enzymes, and amino acids [36,37,38]. Therefore, the main goal of this study was to investigate the effect of the combined application of mineral potassium fertilizers and biofertilizers with the foliar spraying of seaweed extracts, on plant growth and yield parameters of globe artichoke.




2. Materials and Methods


2.1. Experimental Site and Plant Material


Two field experiments were conducted at a private farm in Qaha, Qalubia Governorate, Egypt. The experimental area was located at an altitude of 45 m above sea level (30.45 N latitude and 31.10 E longitude) during the 2018/2019 and 2019/2020 growing seasons. Before planting, random soil samples were taken from the experimental soil at a depth of 0–30 cm for the assessment of the physical and chemical parameters. Mechanical analysis was determined following the protocols of Jackson [39], while chemical analysis assays were carried out according to Black et al. [40]. In brief, soil pH and electrical conductivity (EC) were determined from the soil paste, whereas organic matter content was determined using potassium chromate, and then titrated with ferrous sulfate. Table 1 illustrates the physical and chemical characteristics of the soil used.



In both seasons, old crowns (removed from mother plants) were used as plant material for propagation, and were planted in mid-August. Each experimental plot consisted of five ridges, with a width of 1.0 m, a length of 4.0 m, and a total area of 20 m2. The experimental layout was designed according to the split-plot design, using potassium fertilization treatments as the main plot and foliar spraying as the sub-plot. All treatments were repeated three times (n = 3). The crowns were planted at a spacing of 1 m apart (20 plants per plot). During the preparation of the soil, organic fertilizer (compost at 35.7 m3/ha) and phosphorus fertilizer (superphosphate calcium at 714 kg/ha) were applied as base dressing. Nitrogen fertilizer was applied in the form of ammonium sulphate (20.6% of N) at a rate of 286 kg/ha. The potassium fertilizer treatments (main plots) were evenly dispersed throughout the plots as side-dressing at three equal doses, i.e., 60 days after transplanting and at 30-day intervals after the first dose, in both seasons. The foliar spraying of seaweed extract treatments (sub-plots) was randomly allocated within each main plot. The study included 16 treatments in total, as described below.




2.2. Experimental Treatments


2.2.1. Potassium Fertilization Treatments


	
T1: 100% of the recommended dose (RD) of mineral K (229 kg K2O/ha added in the form of potassium sulphate (K2SO4) 48% K2O).



	
T2: 75% of the RD of mineral K (171 kg K2O/ha added in the form of potassium sulphate (K2SO4) 48% K2O) + Biofertilizer.



	
T3: 50% of the RD of mineral K (114 kg K2O/ha added in the form of potassium sulphate (K2SO4) 48% K2O) + Biofertilizer.



	
T4: 25% of the RD of mineral K (57 kg K2O/ha added in the form of potassium sulphate (K2SO4) 48% K2O) + Biofertilizer.






The biofertilizers were kindly provided by the Microbiology department, Faculty of Agriculture, Benha University, Benha, Egypt. The product used contained potassium-dissolving bacteria (Potassine), such as Bacillus circulans, or potassium-mobilizing bacteria. Potassine treatments (Bacillus circulans) were prepared by growing the bacterial strains in nutrient broth medium with continuous shaking (140 rpm) at 30 °C up to optimum growth. Then the cells were collected by centrifugation (4000 rpm) at 4 °C for 10 min. The cells were suspended using water peptone to prepare a suspension that contained 108 CFU/mL, as assessed by the optical density method, and then applied by directly dipping the artichoke crowns for approximately 10 min before transplantation into the liquid solution [28].




2.2.2. Foliar Spraying Treatments


The foliar spraying of seaweed extract included the following treatments:




	
Control treatment (spraying with tap water);



	
Seaweed extract at 1 g/L;



	
Seaweed extract at 2 g/L;



	
Seaweed extract at 3 g/L.








The spraying solution was applied in amounts that completely covered the plant foliage until it began to drip. Each treatment was applied eight times throughout the growing season, the first at 30 days after planting, and the following at two-week intervals. All tested solutions, including the control, were applied using a surfactant (Tween 20) at a concentration of 0.01%, to improve the adhesion of solution on the leaf surface. The seaweed extract is commercially available (Alga 600; Technogreen; Heliopolis, Cairo, Egypt), and is a mixture of three seaweeds, namely: Ascophyllum nodosum, Laminaria spp., and Sargassum sp. The tested seaweed extract also contains N (1%), K (18.5%), Ca (0.17%), Mg (0.42%), Fe (0.06%), S (2.2%), and alginic acids (10–12%).





2.3. Measurements and Recorded Data


2.3.1. Vegetative Growth Parameters


After 120 days from planting, a representative sample of five plants from each experimental plot was taken to estimate the following growth parameters according to the method described by Pandino et al. [41]:




	
Plant height was determined by measuring the distance between the soil surface and the tip of the plant’s greatest linear blade. The results were expressed in cm.



	
At the end of harvesting period, the number of offshoots per plant was counted.



	
Fresh and dry weights of leaves per plant were determined. The results were expressed in kg (fresh weight) and g (dry weight).









2.3.2. Mineral Elements of Plant Foliage


Determination of N, P, and K concentrations was carried out on the plant foliage dry matter. The wet digestion of 0.2 g plant material with sulfuric and perchloric acids was carried out on plant foliage according to the methods described by Pregl [42].



Total nitrogen (N) content was determined from dried leaf tissue using the micro-Kjeldahl method as previously described by Pregl [42]. Briefly, 5 mL from the digested extract was added to 5 mL NaOH 40%. Subsequently, 10 mL of boric acid 4% was added, and N content was determined via titration with 1 M HCl.



Phosphorus (P) content was determined from dried leaf tissue according to the methods described by John [43]. In brief, P was determined colorimetrically via the ascorbic acid method. For the reagent preparation, 20 mg of ammonium molybdate was dissolved in 300 mL of water. Following this, 450 mL of 10 N sulfuric acid was added while stirring, after which 100 mL of 0.5% antimony potassium tartrate was added. Finally, 1.5 g of L-ascorbic acid was added to 100 mL of this solution. Phosphorus content was determined by mixing 1 mL sample + 1 mL reagent + 8 mL distilled water, and measuring transmittance at 650 nm (Model UV752/UV754-single beam UV/Vis spectrophotometer, YK Scientific, Shanghai, China).



Potassium (K) content was determined using a flame photometer (AAS4, Carl Zeiss Jena GmbH, Jena, Germany), with 5 mL from wet digested samples inserted directly into the equipment [44].



Total carbohydrate content was determined from the dry matter of plant foliage using the phenol–sulfuric acid method. In brief, 0.2 g of dry sample was extracted with HCl 0.1 M in Eppendorf tubes (25 mL) for 4 h. The extract was filtrated and transferred into a flask. Subsequently, 1 mL of extract was mixed with 1 mL of concentrated sulfuric acid and 1 mL of phenol 5%, and measured using a spectrophotometer at 490 nm (Model UV752/UV754-single beam UV/Vis spectrophotometer, YK Scientific, Shanghai, China) [45].




2.3.3. Yield Parameters


The early yield was calculated from the beginning of harvest to the end of February, while the late yield was assessed from March to the end of May. For yield parameter estimation, the following measurements took place:




	
Number of early heads/plant;



	
Number of late heads/plant;



	
Number of total heads/plant;



	
Total head yield (ton/ha).










2.4. Head Quality


2.4.1. Physical Parameters of Heads


For physical parameter evaluation, ten heads were randomly selected from each plot at each harvest phase (early and late harvest). The estimated parameters included: head fresh weight (g), edible fresh weight (g), head length (cm), head diameter (cm). Fresh weight of the heads, and the edible fresh weight, was determined with a laboratory precision balance, while head dimensions were measured with a Vernier caliper [46].




2.4.2. Chemical Composition of Heads


Samples of heads (only the edible part from ten heads from each plot) were pooled, and all the analyses were performed in triplicate for each plot. The estimated parameters included:



Total soluble solid content (TSS, expressed as %) was determined according to the protocol previously described in the literature [47]. In brief, a random sample of 10 heads from each experimental plot at marketable maturity stage was taken to determine the percentage of soluble solid content using a hand refractometer (38–01 OPTi multiple scale digital handheld refractometer, Bellingham + Stanley, Xylem Analytics Germany Sales GmbH and Co. KG, WTW, Weilheim, Germany);



Total phenolic content was determined by the Folin—Ciocalteu protocol, as described by AOAC (official method: AOAC SMPR 2015.009), with minor adjustments [48]. Polyphenol extraction was performed by adding 10 mL of methanol (85%) to 1 g of frozen head tissue. Sterile refined water (250 µL) was added to 250 µL of concentrate, and afterwards, 2.5 mL of diluted Folin–Ciocalteu reagent (10%) and 2 mL of 7.5% sodium carbonate was added. Samples were shaken for 1.5–2 h, and the absorbance of samples was estimated at 765 nm using a spectrophotometer (Model UV752/UV754-single beam UV/Vis spectrophotometer, YK Scientific, Shanghai, China). Gallic acid was used to obtain the calibration curve, and results are expressed as mg/100 g fresh weight (f.w.);



Total flavonoid content (mg of catechin/100 g f.w.) of methanol extracts were determined using Folin–Ciocalteu and aluminum chloride methods and fractions, and the bleaching of purple-colored methanol solution of 1,1-diphenylpycryl hydrazyl (DPPH) was measured by spectrophotometric assay according to Zhishen et al. [49].



Fiber content (%) was estimated according to the non-enzymatic-gravimetric method [50]. Dried samples, or isolated fiber sources, were suspended in water and incubated for 90 min at 37 °C to solubilize sugars and other water-soluble components. Then, water-soluble fiber components were precipitated with ethanol. Residue was washed sequentially with 78% ethanol, 95% ethanol, and acetone, and then dried at 105 °C. One duplicate was analyzed for crude protein, the other for ash. Total dietary fiber (TDF) was calculated as weight of residue minus weight of protein and ash;



Inulin content (%) was determined according to the protocol of Redondo-Cuenca et al. [51]. In brief, the head extracts, obtained under optimized conditions, were analyzed by liquid chromatography using an Agilent 1100 Series HPLC, equipped with a refractive index detector (RID) on a RezexTM ROA-Organic Acid H+ (8%), 300 mm × 7.8 mm column, protected with a Carbo-H 4 × 3.0 mm ID security guard cartridge (Phenomenex España, Madrid, Spain). Ultrapure Milli-Q water (Milli-Q Integral 5 Water Purification System from Millipore), acidified with 2.5 mM H2SO4, was used as mobile phase, at a flow rate of 0.4 mL/min. The column was maintained in a thermostatic oven at a constant temperature of 25 °C. Both standards and samples were filtered through 0.45 μm syringe filters for aqueous solutions, and a 5 μL volume was injected into the HPLC. Inulin and different low-molecular-weight carbohydrate standards (DP4 = stachyose, DP3 = raffinose, DP2 = cellobiose, DP2 = sucrose, DP1 = fructose, and glucose) were injected in triplicate at various concentrations (1.0, 0.5, and 0.25 mg/mL) and used for calibration. Sample extracts were diluted in ultrapure water (5 mg/mL), filtered, and then injected. Regression standard curves were obtained for concentration versus area (mV × s). Peaks in chromatograms of samples were identified by coincidence of their retention times with available LMWC standards, and they were quantified by comparison of their areas with the corresponding calibration curves.





2.5. Statistical Analysis


All data collected during both seasons of the study were subjected to a two-way ANOVA, while the comparison of means was performed with the Duncan multiple range test (DMRT) at p = 0.05. For all the statistical analyses, the M-stat v.4 program for Windows (Informer Technologies, Inc., Los Angeles, CA, USA) was implemented.





3. Results and Discussion


The ANOVA for all the tested parameters detected significant effects of potassium application and seaweed extract application, as well as of their interaction, during both growing seasons, as presented in Table 2 and Table 3. The detailed effects of the tested factors are presented in the following sections.



3.1. Vegetative Growth Parameters


The data presented in Table 4 show that all the studied vegetative growth parameters were positively affected by the combined application of mineral potassium fertilizer (at 100% or 75% of the RD) and biofertilizer (0% or 25% RD, respectively). Regarding the seaweed extract application, plant height was beneficially affected at all the applied rates, especially at 3 g/L (2018–2019 season), or 2 g/L and 3 g/L (2019–2020 season), where maximum plant heights were recorded. The number of offshoots per plant was also benefited by seaweed application compared to the control treatment, while the dry weight of the leaves per plant was maximal at the highest seaweed application rate (3 g/L). In contrast, the fresh weight of the leaves per plant was not affected by seaweed application. The combined effects of potassium application and seaweed extract showed varied responses for the tested parameters. In particular, the highest values of the growth parameters were recorded when only mineral fertilizer (T1; 100% of the RD) and seaweed extract at 3 g/L were applied, whereas the lowest values were obtained for the T4 treatment (25% of the RD of mineral K + biofertilizer), and no seaweed extract applied. However, no significant differences were detected with the other combinations. According to Anwar et al. [52], potassium availability is associated with improved vegetative parameters in globe artichoke, since this element is involved in CO2 assimilation, as well as in enzyme and hormone activities and nutrient uptake [15]. Moreover, Saleh et al. [23] suggested that adjusting the potassium fertilizer dose depending on growth stage showed better results of artichoke plant growth compared to equal doses throughout the growing season. Finally, Elsharkawy et al. [15] reported that the combined application of potassium and phosphorus fertilizers, with the foliar application of seaweed extracts, resulted in improved growth parameters of globe artichoke (plant height, number of leaves, and leaf dry weight) compared to their control treatment; similar effects were suggested by Madian et al. [47] for seaweed extracts applied at rates up to 750 mg/L. Mzibra et al. [53] tested various seaweed extracts on tomato plants, and associated their beneficial effects with the presence of polysaccharides, which may regulate nitrogen metabolism or exhibit chelating properties to minerals that may improve the nutrient status of the plant. Moreover, the seaweed extracts themselves may include macro- and micronutrients that contribute to plant nutrition, or include hormones that may regulate plant growth [54,55]. Other studies suggest that, apart from hormone-like activities, the beneficial effects of seaweed extracts on plant growth could be associated with the improved potassium uptake and water use efficiency, as well as with the increased activity of soil microbes [32]. Therefore, it could be suggested that the positive effects of the combined application of mineral fertilizers and seaweed extracts could be attributed to the increased potassium availability at various growth stages of artichoke plants, as well as to improved nutrient uptake due to the hormone-like and chelating properties of the applied seaweed extracts.




3.2. Chemical Composition of Leaves


Table 5 presents the chemical composition of globe artichoke leaves in relation to potassium fertilization and the application of biofertilizer and seaweed extract. The application of T1 and T2 treatments, where 100% and 75% of the RD was added in the form of mineral potassium fertilizer, resulted consistently in the highest content of N, P, K, and total carbohydrates of the globe artichoke leaves, although no significant differences were recorded for P content between T1, T2, and T3 treatments in the 2018–2019 season, or between all the treatments in the 2019–2020 season. The foliar spraying of seaweed extract had a variable effect on mineral content. In particular, N content was the highest at the highest seaweed extract application rate (3 g/L), while P and K content did not differ between the different seaweed extract application rates (1–3 g/L), despite the high potassium content (18.5%) of the tested seaweed extract. Moreover, total carbohydrate content showed a varied response between the growing seasons, with the highest values recorded at the medium to high rates (2 g/L and 3 g/L) in 2018–2019, and at low to medium rates (1 g/L and 2 g/L) in 2019–2020. The combined application of potassium mineral fertilizer and biofertilizer with seaweed extract had a consistently positive effect when T1 treatment was combined with the highest rate of seaweed extract application (3 g/L), except for the case of P content in the 2019–2020 season, where no significant differences were observed among the tested treatments. Total carbohydrate content was highest when T2 treatment was combined with the application of 3 g/L of seaweed extract. Finally, the lowest overall values for all the macronutrients and total carbohydrate content were recorded for the T4 treatment when no seaweed extract was applied. Our results indicate that the partial substitution of mineral K (up to 25% of the RD of K) with biofertilizer may increase the macronutrient and total carbohydrate content, as well as nutrient uptake, especially when combined with the foliar spraying of seaweed extract at medium to high rates (2–3 g/L). According to the literature, this could be due to the increased availability of K when applied in inorganic form, as well as to the positive role of biofertilizers and seaweed extracts in nutrient uptake in plants [56]. Similar to our study, Saif Eldeen et al. [57] suggested that the application of seaweed extracts at 2 g/L increased macronutrient content in plant tissues. Moreover, Rincón et al. [58] reported that globe artichoke is a very demanding crop in terms of potassium fertilization, and the K content in plant tissues is very high throughout the growing season. However, soil properties and nutrient status may affect the K availability and the use efficiency of the applied fertilizers [23], while the form of the applied potassium could also affect nutrient availability [20]. The macronutrients and total carbohydrate content of leaves is essential to plant growth and crop yield, since they act as sources and sinks for various physiological and biosynthetic processes during the growth period, depending on plant demands [59,60]. Considering that leaves may act as sinks or sources, depending on their developmental stage [61], more studies are needed to evaluate the effect of potassium availability on carbohydrate storage.




3.3. Yield Parameters


Table 6 presents the results of yield parameters and yield allocation (early and late yield) throughout the harvesting period. Early and late yield, as well as total yield of heads, increased when potassium was applied in inorganic form (100% of the RD) or partially substituted (25% of the RD) with biofertilizer. Furthermore, the application of seaweed extract at 2–3 g/L (or 2 g/L in the season of 2019–2020) resulted in the highest yield parameters recorded. Moreover, there was a profound positive effect on yield with the combined application of T1 and T2 treatments (100% and 75% of the RD of inorganic potassium fertilizer) with foliar spraying of seaweed extract at 3 g/L, whereas the lowest yield values were recorded for the plants in the T4 treatment and not sprayed with seaweed extract. The observed results are in agreement with the results of the vegetative growth and chemical composition of the leaves (see Table 4 and Table 5), a finding which indicates that increased plant growth and high contents of macronutrients and carbohydrates in leaves is associated with higher yield, as expressed by the higher number and total fresh weight of heads, due to the higher availability of assimilates for biosynthetic processes [59,60]. This could be due to the increasing availability of potassium, which is associated with increased yields in artichoke plants [51,62]; meanwhile, Saleh et al. [23] suggested that, alongside the application rates of potassium fertilizers, the distribution of doses throughout the growing season is equally important for the improvement of yield parameters. According to Saif Eldeen et al. [57], the application of seaweed extracts at 2 g/L significantly improved yield distribution and total yield of globe artichoke, while Madian et al. [23] suggested that lower rates (750 mg/L) may also have beneficial effects on yield parameters. Moreover, Elsharkawy et al. [15] reported that the application of seaweed extracts combined with potassium and phosphorus fertilizers increased the earliness of artichoke plants, as well as the early and total yield of heads. The beneficial effects of seaweed extracts could be attributed to their composition, since, according to Arthur et al. [63], seaweed extracts usually contain auxins and cytokinins that may induce the formation of flowers and consequently increase the number of fruits and fruit yield. Therefore, the partial substitution of mineral potassium fertilizer with biofertilizer and the foliar application of seaweed extract seems to be a promising eco-friendly practice that, as well as the environmental benefits, may also retain high yields in artichoke crops due to the hormone-like activities of seaweed extracts and the improved nutrient uptake and assimilation rates of the plants.




3.4. Physical Quality Parameters of Heads


Data related with the effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on physical parameters of artichoke heads are presented in Table 7. All the studied physical parameters of heads were significantly higher when plants were treated with T1 or T2 treatments, without significant differences between these two fertilization regimes. On the other hand, the foliar spraying of 3 g/L of seaweed extract resulted in the highest values of all the parameters. However, no significant differences were observed between the different rates of seaweed extract (1–3 g/L) in the case of head fresh weight, while head dimensions (length and diameter) did not differ between the medium (2 g/L) and high (3 g/L) application rate. Moreover, the edible fresh weight did not differ between the application rates of 1 g/L and 3 g/L in the 2018–2019 growing season and between the rates of 2 g/L and 3 g/L in the 2019–2020 growing season. Regarding the effect of combined application of potassium fertilizer + biofertilizer and foliar spraying of seaweed extract, the highest overall values for the studied parameters were recorded when plants were treated with 75% of the RD of K with inorganic fertilizer + biofertilizer and 3 g/L of seaweed extract. In contrast, the lowest values were observed in the case of unsprayed plants that received the T4 treatment. As mentioned for the results of yield and yield allocation, the higher availability in assimilates (see results in Table 5) results in improved vegetative growth which consequently results in higher total yield due to higher number of heavier heads [58,59]. According to the literature, the availability of potassium is pivotal for head formation in artichoke plants [23,52,58,64], especially when most of the required amounts are provided in mineral form [63]. In addition, the application of biostimulants, such as seaweed extracts, may have an effect on head weight as well as on head dimensions [46], whereas Elsharkawy et al. [15] suggested that the combined application of seaweed based biostimulants and phosphorus and potassium fertilizers on artichoke plants may increase the average head weight without affecting the diameter of heads. Therefore, the physical quality parameters of artichoke heads can be improved by the partial substitution of mineral potassium fertilizers, providing that seaweed extracts are applied with foliar spraying. This positive effect is probably attributed to the higher assimilation rates of plants that receive these treatments which eventually result in improved quality of heads.




3.5. Head Quality Parameters


The results related to the quality of the artichoke heads are presented in Table 8 and Table 9. Total soluble solids (TSS) and total sugars were significantly higher for the T1 and T2 treatments, whereas inulin content was not affected by the potassium fertilization regime (Table 6). Moreover, total flavonoid content was the highest in the T2 treatment, while a varied effect was observed for fiber and total phenolic content depending on the growing season (Table 8). In particular, fiber content was significantly higher in T1 and T2 treatments during the 2018–2019 season, while the next year, the best performing treatments were T2 and T3. Similarly, total phenolic content did not differ between T1, T2, and T3 treatments in 2018–2019, whereas no significant differences were observed between the potassium fertilization treatments in 2019–2020. The application of seaweed extract at rates of 2–3 g/L was also beneficial to TSS and total sugar content, while it did not affect the inulin content of the artichoke heads (Table 8). Regarding the total flavonoid content, the application rates of 3 g/L and 2–3 g/L gave the best results in 2018–2019 and 2019–2020 seasons, respectively (Table 9). Fiber content was the highest for the control treatment (no seaweed extract added) in both seasons, although no significant differences were recorded for the application rates of 1–2 g/L and 1 g/L in 2018–2019 and 2019–2020 seasons, respectively. In addition, total phenolic content increased upon the foliar application of seaweed extract in both seasons (at rates 2–3 g/L and 1–3 g/L in 2018–2019 and 2019–2020 seasons, respectively). The combined application of potassium fertilizer + biofertilizer and seaweed extract also affected TSS and total sugar content, with the highest values being recorded for the T2 treatment and 3 g/L of seaweed extract (Table 8). In contrast, the lowest values were measured in the combination of T4 and control (no seaweed extract added) treatments, while the inulin content was not affected by any combination of treatments. Total flavonoids and total phenolic content was the highest for the combination of T2 and seaweed extract at 3 g/L, whereas the lowest values were recorded for the T4–control treatment combination. Finally, fiber content was the highest in the plants that received T1 treatment and no foliar spraying of seaweed extract in both seasons, whereas the combination of T4 and seaweed extract at 3 g/L resulted in the lowest overall values.



Anwar et al. [52] reported that potassium fertilization practices (soil application and foliar spraying) may affect inulin content in artichoke heads, a difference that could be attributed to the different forms of fertilizers used compared to our study. Moreover, the same authors suggested that the increasing amounts of potassium applied with foliar spraying significantly decreased total sugars and reduced the sugar content in artichoke receptacles, a finding that could be attributed to the lower availability of potassium, which consequently results in reduced metabolic rates and biosynthesis [52]. Moreover, Michalska-Ciechanowska et al. [65] suggested that the effect of potassium fertilization on inulin content in Jerusalem artichoke showed a genotype-dependent response that was associated with the earliness of the tested cultivars, as well as with the potassium application rates. Therefore, the lack of effect in our study could be attributed to the genotype tested. According to the study of Saif Eldeen [57], the application of seaweed extracts at rates up to 2 g/L had a variable effect on inulin and total sugar content in artichoke receptacles, depending on the growing season, while Elsharkawy et al. [15] suggested that the increasing rates of potassium and phosphorus fertilizers (up to 75 mL/L) or seaweed extracts (up to 10 mL/L) may increase the inulin content in artichoke heads. Similar to our study, Madian et al. [46] reported that increasing rates of seaweed extracts resulted in increased amounts of total and reducing sugars in artichoke heads; however, the same authors suggested that inulin content also increased, which is in contrast with our study. These differences could probably be attributed to the higher increments of application in our study (1 g/L) and the higher application rates (up to 3 g/L), compared to the study of Madian et al. (250 mg/L and 750 mg/L, respectively), or the different composition of the seaweed extracts studied in the reports of Madian et al. [47] and Elsharkawy et al. [15]. Considering the role of the aerial parts as sources and sinks of assimilates [60,61], the findings of our study indicate that the high availability of potassium in the T1 and T2 treatments allowed high vegetative growth rates and assimilation rates (see results in Table 2 and Table 3), and the accumulation of assimilates in metabolically active tissues throughout the growing season.



In the study of Elsharkawy et al. [15], it was reported that increasing amounts of potassium and phosphorus fertilizers or seaweed extracts may significantly increase the total phenolic content of artichoke heads. Similar results were recorded by Michalska-Ciechanowska et al. [65] in their study on the effect of potassium fertilization rates on Jerusalem artichoke plants, although a variable effect depending on the genotype was also observed. This finding indicates that high nutrient availability may induce the biosynthesis of polyphenols, which is in agreement with our study. Moreover, the application of seaweed extracts is associated with osmotic stress and increased hormonal activities, which may induce the biosynthesis of phenolic compounds and flavonoids [66].



Therefore, the results of our study indicate that the combined application of potassium fertilizer (partially substituted with biofertilizers or in isolation) and seaweed extract was beneficial to most of the studied chemical composition parameters of artichoke heads, due to the greater availability of nutrients and the hormonal activities of the seaweed extract, which may induce the biosynthesis of bioactive compounds.





4. Conclusions


In conclusion, the results of our study indicate that the foliar application of seaweed extract at 3 g/L, combined with 100% inorganic potassium fertilizer, or 75% potassium fertilizer + biofertilizer, could beneficially affect plant growth and yield parameters, as well as the quality and chemical composition of globe artichoke heads. These findings are of great importance as they indicate that the partial substitution of chemical fertilizers with biofertilizers does not have a severe impact on the yield and quality of globe artichoke crops, while at the same time it may reduce the negative environmental impacts associated with high agrochemical inputs. In the same context, the application of seaweed extract-based biostimulant products may also have a positive effect on plant growth and yield and the quality of the final product, which could allow the adoption of sustainable and environmentally friendly practices in globe artichoke cultivation. However, future research is needed focusing on the evaluation of the effect of different fertilizer rates on nutrient uptake in order to test whether the use of biofertilizers and foliar spraying are effective practices, not only when plants receive the required amounts of nutrients, but also under nutrient deprivation. Moreover, more biostimulatory products with different compositions should be tested on artichoke crops to find the best combinations of fertilizer rates and biostimulants.
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Table 1. Physical and chemical analysis of the experimental soil.






Table 1. Physical and chemical analysis of the experimental soil.





	
Physical Parameters

	
Unit

	
Seasons




	
2018/2019

	
2019/2020






	
Coarse sand

	
%

	
6

	
5




	
Fine sand

	
%

	
15

	
17




	
Silt

	
%

	
24

	
25




	
Clay

	
%

	
55

	
54




	
Textural class

	
------

	
Clay

	
Clay




	
Chemical Parameters

	

	

	




	
CaCO3

	
%

	
1.12

	
1.07




	
Organic matter

	
O.M. %

	
2.13

	
2.27




	
Available nitrogen

	
N mg/kg

	
43.2

	
44.2




	
Available phosphorus

	
P mg/kg

	
21.2

	
22.1




	
Available potassium

	
K mg/kg

	
118

	
121




	
Electrical conductivity (E.C.)

	
dS/m

	
1.13

	
1.17
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Table 2. The analysis of variance (ANOVA) for the effect of potassium sources (Factor A), seaweed extract application (Factor B), and their interaction (AB) on different parameters studied during the 2019 (1st) and 2020 (2nd) season.
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Source of Variance

	
DF

	
Plant Height (cm)

	
No. of Shoots/Plant

	
Leaves Fresh Weight/Plant (kg)

	
Leaves Dry Weight/Plant (g)

	
N%

	
P%

	
K%




	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square




	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd






	
Replicate

	
2

	
1.40

	
5.12

	
0.170

	
0.050

	
0.085

	
0.026

	
16.203

	
17.51

	
0.008

	
0.004

	
0.000

	
0.000

	
0.005

	
0.023




	
Factor A

	
3

	
281.57 **

	
586.65 **

	
1.809 **

	
10.850 **

	
2.083 **

	
3.087 **

	
60,590.55 **

	
266,668.30 **

	
0.089 **

	
0.190 **

	
0.004 **

	
0.002 **

	
0.190 **

	
0.415 **




	
Factor B

	
3

	
416.190 **

	
492.30 **

	
3.112 **

	
3.940 **

	
0.324 **

	
0.279 **

	
9423.84 **

	
13,650.07 **

	
0.633 **

	
0.233 **

	
0.002 **

	
0.002 **

	
0.171 **

	
0.194 **




	
AB

	
9

	
17.52 **

	
7.93*

	
0.340 **

	
0.309 **

	
0.015

	
0.026

	
440.698 **

	
2145.52 **

	
0.003 **

	
0.014 **

	
0.000 *

	
0.000 **

	
0.011 *

	
0.023 **




	
Error

	
30

	
2.53

	
3.52

	
0.096

	
0.085

	
0.045

	
0.041

	
81.54

	
508.94

	
0.005

	
0.008

	
0.000

	
0.000

	
0.008

	
0.006




	
Source of Variance

	
DF

	
Total

Carbohydrates %

	
Early Heads/Plant (no)

	
Total Yield (ton/ha)

	
Total Heads/Plant (no)

	
Late Heads/Plant (no)

	
Edible Fresh Weight (g)

	
Head Fresh Weight (g)




	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square




	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd




	
Replicate

	
2

	
0.477

	
1.032

	
0.159

	
0.055

	
0.092

	
0.009

	
1.077

	
1.088

	
0.432

	
0.598

	
14.81

	
17.06

	
2.19

	
0.99




	
Factor A

	
3

	
73.51 **

	
92.11 **

	
4.209 **

	
4.807 **

	
3.327 **

	
4.88 **

	
8.28 **

	
7.25 **

	
452.10 **

	
416.89 **

	
13,294.6 **

	
11,618.2 **

	
843.21 **

	
1275.77 **




	
Factor B

	
3

	
70.092 **

	
44.64 **

	
2.060 **

	
3.84 **

	
10.63 **

	
10.56 **

	
11.89 **

	
10.87 **

	
236.65 **

	
222.95 **

	
2835.6 **

	
2497.2 **

	
380.68 **

	
274.78 **




	
AB

	
9

	
3.30

	
0.917 **

	
0.150 **

	
0.197 *

	
0.360 **

	
0.583 **

	
3.27 **

	
3.20 **

	
22.12 **

	
21.35 **

	
196.18 **

	
130.75 **

	
22.044 **

	
27.54 **




	
Error

	
30

	
1.63

	
1.40

	
0.032

	
0.071

	
0.047

	
0.058

	
0.579

	
0.532

	
0.22

	
0.167

	
15.54

	
17.32

	
2.69

	
2.19








DF, degrees of freedom; N, nitrogen; P, phosphorus; K, potassium. Comparison between the means of the treatments was performed with the Duncan multiple range test. * significant difference at 0.5%; ** significant difference at 1%.
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Table 3. The analysis of variance (ANOVA) for the effect of potassium sources (Factor A), seaweed extract application (Factor B), and their interaction (AB) on different parameters studied during the 2019 (1st) and 2020 (2nd) season.
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Source of Variance

	
DF

	
Inulin (%)

	
Total Sugars (%)

	
TSS (%)

	
Total Phenolic Content (mg of Gallic Acid/100 g f.w.)

	
Fiber (%)

	
Total Flavonoids (mg of Catechin/100 g f.w.)




	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square

	
Mean Square




	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd

	
1st

	
2nd






	
Replicate

	
2

	
0.029

	
0.029

	
0.007

	
0.005

	
0.029

	
0.002

	
0.007

	
0.010

	
0.000

	
0.014

	
0.913

	
0.057




	
Factor A

	
3

	
1.005 **

	
1.028 **

	
4.005 **

	
3.432 **

	
0.177 **

	
0.203 **

	
0.899 **

	
0.152 **

	
0.027 **

	
0.036 **

	
9.13 **

	
28.43 **




	
Factor B

	
3

	
0.518 **

	
0.524 **

	
1.359 **

	
1.355 **

	
0.143 **

	
0.265 **

	
0.928 **

	
0.181 **

	
0.073 **

	
0.054 **

	
18.12 **

	
13.80 **




	
AB

	
9

	
0.036

	
0.033

	
0.234 **

	
0.168 **

	
0.004 **

	
0.007 **

	
0.075 **

	
0.003 **

	
0.001

	
0.005

	
0.202

	
0.694 **




	
Error

	
30

	
0.24

	
0.016

	
0.018

	
0.018

	
0.005

	
0.021

	
0.006

	
0.011

	
0.005

	
0.007

	
0.162

	
0.221








DF, degrees of freedom; TSS, total soluble solids. Comparison between the means of the treatments was performed with the least significant difference (LSD) test. ** significant difference at 1%.
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Table 4. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on globe artichoke vegetative growth parameters.






Table 4. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on globe artichoke vegetative growth parameters.





	
Treatments

	
First Season (2018–2019)

	
Second Season (2019–2020)




	
Potassium Fertilizer

	
Foliar Spraying

	
Plant

Height

(cm)

	
No. of Shoots/Plant

	
Leaves Fresh Weight/Plant (kg)

	
Leaves Dry Weight/Plant (g)

	
Plant Height (cm)

	
No. of Offshoots/Plant

	
Leaves Fresh Weight/Plant (kg)

	
Leaves Dry Weight/Plant (g)






	
T1 *

	

	
103 ± 1 A

	
6.6 ± 0.3 A

	
2.8 ± 0.2 A

	
522 ± 17 A

	
112 ± 1 A

	
7.1 ± 0.2 A

	
3.3 ± 0.1 A

	
587 ± 7 A




	
T2

	

	
100 ± 1 B

	
6.8 ± 0.2 A

	
2.7 ± 0.2 B

	
446 ± 8 B

	
108 ± 1 B

	
7.0 ± 0.2 A

	
2.9 ± 0.2 B

	
521 ± 6 B




	
T3

	

	
96 ± 1 C

	
6.2 ± 0.3 B

	
2.3 ± 0.2 C

	
389 ± 4 C

	
101 ± 1 C

	
5.8 ± 0.3 B

	
2.3 ± 0.4 C

	
418 ± 3 C




	
T4

	

	
92 ± 1 D

	
6.0 ± 0.2 C

	
2.2 ± 0.1 C

	
369 ± 4 D

	
96 ± 2 D

	
5.2 ± 0.1 C

	
2.2 ± 0.1 C

	
390 ± 5 D




	

	
Control

	
93 ± 1 A

	
5.7 ± 0.2 C

	
2.4 ± 0.2 C

	
404 ± 5 D

	
97 ± 2 D

	
5.6 ± 0.2 C

	
2.5 ± 0.2 B

	
442 ± 5 C




	

	
Seaweed extract 1 g/L

	
95 ± 1 B

	
6.5 ± 0.1 B

	
2.5 ± 0.1 BC

	
425 ± 2 C

	
101 ± 2 C

	
6.1 ± 0.3 B

	
2.6 ± 0.2 A

	
476 ± 2 B




	

	
Seaweed extract 2 g/L

	
98 ± 1 C

	
6.7 ± 0.2 AB

	
2.6 ± 0.2 AB

	
450 ± 8 B

	
107 ± 2 B

	
6.6 ± 0.2 A

	
2.7 ± 0.2 A

	
490 ± 2 AB




	

	
Seaweed extract 3 g/L

	
106 ± 2 D

	
6.8 ± 0.2 A

	
2.7 ± 0.2 A

	
468 ± 3 A

	
111 ± 1 A

	
6.6 ± 0.2 A

	
2.8 ± 0.2 A

	
507 ± 3 A




	
T1

	
Control

	
97 ± 1 g

	
5.2 ± 0.3 g

	
2.9 ± 0.2 bc

	
486 ± 17 d

	
103 ± 1 de

	
6.1 ± 0.2 c

	
2.9 ± 0.1 bc

	
529 ± 7 e




	
Seaweed extract 1 g/L

	
100 ± 2 de

	
6.9 ± 0.3 ab

	
3.0 ± 0.1 a–c

	
505 ± 7 c

	
109 ± 1 c

	
6.9 ± 0.1 b

	
3.2 ± 0.1 ab

	
583 ± 9 bc




	
Seaweed extract 2 g/L

	
103 ± 1 c

	
7.1 ± 0.2 a

	
3.2 ± 0.3 ab

	
539 ± 9 b

	
116 ± 1 b

	
7.6 ± 0.2 a

	
3.4 ± 0.2 a

	
608 ± 4 ab




	
Seaweed extract 3 g/L

	
114 ± 1 a

	
7.3 ± 0.3 a

	
3.3 ± 0.2 a

	
559 ± 9 a

	
119 ± 1 a

	
7.9 ± 0.4 a

	
3.5 ± 0.2 a

	
626 ± 5 a




	
T2

	
Control

	
94 ± 1 hi

	
6.2 ± 0.2 de

	
2.4 ± 0.2 de

	
416 ± 8 f

	
99 ± 2 ef

	
6.0 ± 0.2 c

	
2.6 ± 0.2 cd

	
470 ± 6 e




	
Seaweed extract 1 g/L

	
96 ± 1 gh

	
6.8 ± 0.2 a–c

	
2.6 ± 0.1 cd

	
449 ± 8 e

	
105 ± 1 d

	
6.9 ± 0.2 b

	
2.9 ± 0.2 bc

	
517 ± 3 d




	
Seaweed extract 2 g/L

	
99 ± 1 ef

	
7.0 ± 0.2 a

	
2.9 ± 0.1 bc

	
486 ± 3 d

	
112 ± 1 c

	
7.6 ± 0.2 a

	
2.9 ± 0.1 bc

	
529 ± 5 d




	
Seaweed extract 3 g/L

	
112 ± 1 b

	
7.3 ± 0.2 a

	
3.0 ± 0.1 a–c

	
513 ± 6 c

	
115 ± 1 b

	
7.8 ± 0.2 a

	
3.2 ± 0.1 ab

	
569 ± 5 c




	
T3

	
Control

	
91 ± 1 ij

	
5.8 ± 0.3 ef

	
2.1 ± 0.2 e

	
364 ± 4 j ± k

	
95 ± 1 gh

	
5.3 ± 0.3 d

	
2.2 ± 0.4 e

	
396 ± 3 fg




	
Seaweed extract 1 g/L

	
94 ± 1 g–i

	
6.2 ± 0.2 c–e

	
2.3 ± 0.2 de

	
386 ± 5 hi

	
96 ± 1 g

	
5.4 ± 0.3 d

	
2.3 ± 0.1 de

	
416 ± 6 fg




	
Seaweed extract 2 g/L

	
96 ± 1 gh

	
6.4 ± 0.3 b–e

	
2.3 ± 0.2 de

	
398 ± 5 gh

	
103 ± 1 de

	
6.1 ± 0.3 c

	
2.4 ± 0.1 de

	
428 ± 6 f




	
Seaweed extract 3 g/L

	
102 ± 1 cd

	
6.5 ± 0.4 b–d

	
2.4 ± 0.2 de

	
410 ± 5 fg

	
110 ± 1 c

	
6.3 ± 0.2 c

	
2.4 ± 0.2 de

	
432 ± 5 f




	
T4

	
Control

	
89 ± 1 j

	
5.5 ± 0.2 fg

	
2.1 ± 0.1 e

	
350 ± 4 k

	
92 ± 1 h

	
5.0 ± 0.1 d

	
2.1 ± 0.1 e

	
374 ± 5 g




	
Seaweed extract 1 g/L

	
91 ± 1 ij

	
6.0 ± 0.2 d–f

	
2.1 ± 0.2 e

	
360 ± 5 k

	
93 ± 1 h

	
5.1 ± 0.1 d

	
2.2 ± 0.1 e

	
391 ± 5 fg




	
Seaweed extract 2 g/L

	
92 ± 1 ij

	
6.1 ± 0.2 de

	
2.2 ± 0.1 e

	
376 ± 6 ij

	
98 ± 1 f

	
5.3 ± 0.3 d

	
2.2 ± 0.1 e

	
394 ± 2 fg




	
Seaweed extract 3 g/L

	
97 ± 1 fg

	
6.1 ± 0.2 de

	
2.3 ± 0.2 de

	
389 ± 4 hi

	
102 ± 1 de

	
5.5 ± 0.3 d

	
2.2 ± 0.1 e

	
401 ± 4 fg








* T1, 100% of the recommended dose (RD) of mineral K; T2, 75% of the RD of mineral K + Biofertilizer; T3, 50% of the RD of mineral K + Biofertilizer; T4, 25% of the RD of mineral K + Biofertilizer. Means of the same treatments and in the same column followed by the same capital or small caps letter are not significantly different according to Duncan multiple range test (DMRT) at p ≤ 0.05. The main effects are identified with uppercase letters and the interactions are identified with lowercase letters, unless otherwise mentioned.
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Table 5. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on chemical composition of globe artichoke leaves.






Table 5. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on chemical composition of globe artichoke leaves.





	
Treatments

	

	
First Season (2018–2019)

	
Second Season (2019–2020)




	
Potassium Fertilizer

	
Foliar Spraying

	
N%

	
P%

	
K%

	
Total

Carbohydrates %

	
N%

	
P%

	
K%

	
Total

Carbohydrates %






	
T1

	

	
2.2 ± 0.0 A

	
0.26 ± 0.01 A

	
1.5 ± 0.1 A

	
23 ± 2 B

	
2.4 ± 0.0 A

	
0.24 ± 0.01 A

	
1.7 ± 0.1 A

	
21 ± 1 B




	
T2

	

	
2.1 ± 0.1 B

	
0.25 ± 0.01 B

	
1.5 ± 0.1 A

	
24 ± 1 A

	
2.3 ± 0.0 B

	
0.24 ± 0.01 B

	
1.6 ± 0.0 A

	
22 ± 1 A




	
T3

	

	
2.0 ± 0.1 C

	
0.23 ± 0.01 C

	
1.3 ± 0.1 B

	
21 ± 1 C

	
2.2 ± 0.1 C

	
0.22 ± 0.01 C

	
1.4 ± 0.0 B

	
19 ± 1 C




	
T4

	

	
2.0 ± 0.0 C

	
0.22 ± 0.01 D

	
1.3 ± 0.1 B

	
18 ± 1 D

	
2.1 ± 0.1 D

	
0.22 ± 0.10 D

	
1.3 ± 0.0 C

	
16 ± 1 D




	

	
Control

	
1.8 ± 0.0 D

	
0.22 ± 0.01 D

	
1.3 ± 0.0 B

	
20 ± 1 B

	
2.1 ± 0.0 C

	
0.22 ± 0.01 D

	
1.3 ± 0.0 C

	
17 ± 1 D




	

	
Seaweed extract 1 g/L

	
2.0 ± 0.0 C

	
0.23 ± 0.01 C

	
1.3 ± 0.1 B

	
20 ± 1 B

	
2.2 ± 0.1 C

	
0.23 ± 0.01 C

	
1.4 ± 0.0 B

	
19 ± 1 C




	

	
Seaweed extract 2 g/L

	
2.2 ± 0.1 B

	
0.24 ± 0.01 B

	
1.5 ± 0.0 A

	
23 ± 1 A

	
2.3 ± 0.1 B

	
0.23 ± 0.01 B

	
1.6 ± 0.0 A

	
20 ± 1 B




	

	
Seaweed extract 3 g/L

	
2.4 ± 0.1 A

	
0.26 ± 0.01 A

	
1.5 ± 0.1 A

	
23 ± 1 A

	
2.4 ± 0.0 A

	
0.25 ± 0.01 A

	
1.6 ± 0.1 A

	
17 ± 1 A




	
T1

	
Control

	
1.9 ± 0.0 ghi

	
0.23 ± 0.01 h

	
1.3 ± 0.1 bc

	
20 ± 2 ef

	
2.2 ± 0.0 efg

	
0.23 ± 0.01 e

	
1.4 ± 0.1 de

	
18 ± 1 de




	
Seaweed extract 1 g/L

	
2.1 ± 0.0 ef

	
0.25 ± 0.01 e

	
1.4 ± 0.0 b

	
22 ± 1 cde

	
2.3 ± 0.1 cde

	
0.24 ± 0.01 c

	
1.6 ± 0.1 c

	
20 ± 1 c




	
Seaweed extract 2 g/L

	
2.3 ± 0.0 cd

	
0.26 ± 0.01 c

	
1.7 ± 0.0 a

	
24 ± 1 abc

	
2.5 ± 0.1 abc

	
0.25 ± 0.01 b

	
1.8 ± 0.1 ab

	
22 ± 1 bc




	
Seaweed extract 3 g/L

	
2.5 ± 0.1 a

	
0.28 ± 0.01 a

	
1.7 ± 0.1 a

	
25 ± 1 ab

	
2.6 ± 0.1 a

	
0.26 ± 0.01 a

	
1.9 ± 0.1 a

	
23 ± 1 ab




	
T2

	
Control

	
1.9 ± 0.1 hij

	
0.23 ± 0.01 j

	
1.3 ± 0.1 bc

	
21 ± 1 de

	
2.1 ± 0.0 fg

	
0.22 ± 0.00 fg

	
1.4 ± 0.1 de

	
21 ± 1 c




	
Seaweed extract 1 g/L

	
2.0 ± 0.1 gh

	
0.24 ± 0.01 f

	
1.4 ± 0.1 b

	
23 ± 1 bcd

	
2.1 ± 0.0 fg

	
0.23 ± 0.01 d

	
1.5 ± 0.1 cd

	
22 ± 1 bc




	
Seaweed extract 2 g/L

	
2.2 ± 0.1 cde

	
0.25 ± 0.00 d

	
1.6 ± 0.1 a

	
25 ± 1 ab

	
2.4 ± 0.0 bcd

	
0.24 ± 0.00 c

	
1.7 ± 0.0 b

	
23 ± 1 ab




	
Seaweed extract 3 g/L

	
2.4 ± 0.0 ab

	
0.27 ± 0.01 b

	
1.6 ± 0.1 a

	
26 ± 1 a

	
2.5 ± 0.1 ab

	
0.25 ± 0.01 b

	
1.8 ± 0.0 ab

	
24 ± 1 a




	
T3

	
Control

	
1.8 ± 0.1 ij

	
0.22 ± 0.01 k

	
1.2 ± 0.1 bc

	
18 ± 1 fg

	
2.1 ± 0.1 fg

	
0.21 ± 0.01 h

	
1.3 ± 0.1 ef

	
16 ± 1 f±gh




	
Seaweed extract 1 g/L

	
1.9 ± 0.0 ghi

	
0.22 ± 0.01 l

	
1.3 ± 0.0 bc

	
18 ± 1 fg

	
2.1 ± 0.0 fg

	
0.22 ± 0.01 ef

	
1.3 ± 0.1 ef

	
18 ± 1 ef




	
Seaweed extract 2 g/L

	
2.1 ± 0.0 def

	
0.23 ± 0.01 i

	
1.4 ± 0.1 b

	
25 ± 1 ab

	
2.2 ± 0.1 def

	
0.22 ± 0.0 f ± g

	
1.4 ± 0.0 de

	
20 ± 1 cd




	
Seaweed extract 3 g/L

	
2.3 ± 0.0 bc

	
0.24 ± 0.01 g

	
1.4 ± 0.0 b

	
22 ± 1 bcd

	
2.3 ± 0.1 ede

	
0.24 ± 0.01 c

	
1.4 ± 0.1 de

	
22 ± 1 bc




	
T4

	
Control

	
1.8 ± 0.1 j

	
0.21 ± 0.01 n

	
1.2 ± 0.1 c

	
16 ± 1 gh

	
2.0 ± 0.1 g

	
0.20 ± 0.01 i

	
1.2 ± 0.1 f

	
14 ± 1 h




	
Seaweed extract 1 g/L

	
1.9 ± 0.1 hij

	
0.22 ± 0.01 m

	
1.2 ± 0.1 bc

	
15 ± 1 h

	
2.1 ± 0.0 g

	
0.21 ± 0.01 h

	
1.3 ± 0.1 ef

	
15 ± 1 gh




	
Seaweed extract 2 g/L

	
2.0 ± 0.1 fg

	
0.22 ± 0.00 k

	
1.3 ± 0.0 bc

	
20 ± 1 ef

	
2.1 ± 0.0 fg

	
0.22 ± 0.01 g

	
1.3 ± 0.1 ef

	
17 ± 1 efg




	
Seaweed extract 3 g/L

	
2.3 ± 0.1 bc

	
0.23 ± 0.01 i

	
1.3 ± 0.0 bc

	
21 ± 1 de

	
2.2 ± 0.1 efg

	
0.23 ± 0.01 de

	
1.3 ± 0.0 ef

	
18 ± 1 ef








T1, 100% of the recommended dose (RD) of mineral K; T2, 75% of the RD of mineral K + Biofertilizer; T3, 50% of the RD of mineral K + Biofertilizer; T4, 25% of the RD of mineral K + Biofertilizer. Means of the same treatments and in the same column followed by the same capital or small caps letter are not significantly different according to Duncan multiple range test (DMRT) at p ≤ 0.05. The main effects are identified with uppercase letters and the interactions are identified with lowercase letters, unless otherwise mentioned.
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Table 6. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on yield parameters of globe artichoke.






Table 6. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on yield parameters of globe artichoke.





	
Treatments

	

	
First Season (2018–2019)

	

	
Second Season (2019–2020)




	
Potassium Fertilizer

	
Foliar Spraying

	
Early Heads/Plant (no)

	
Late Heads/Plant (no)

	
Total Heads/Plant (no)

	
Total Yield (ton/ha)

	
Early Heads/Plant (no)

	
Late Heads/Plant (no)

	
Total Heads/Plant (no)

	
Total Yield (ton/ha)






	
T1

	

	
4.6 ± 0.9 A

	
8.3 ± 0.1 A

	
13 ± 0.3 A

	
5.0 ± 0.5 B

	
4.7 ± 0.1 A

	
8.3 ± 0.1 A

	
13 ± 0.1 B

	
4.8 ± 0.3 B




	
T2

	

	
4.5 ± 0.2 A

	
8.3 ± 0.1 A

	
13 ± 0.5 A

	
5.1 ± 0.8 A

	
4.6 ± 0.2 A

	
8.2 ± 0.2 A

	
13 ± 0.2 B

	
4.9 ± 0.2 A




	
T3

	

	
3.8 ± 0.1 B

	
7.7 ± 0.1 B

	
11 ± 0.4 B

	
3.4 ± 0.2 C

	
3.6 ± 0.2 B

	
7.2 ± 0.1 B

	
11 ± 0.1 A

	
3.2 ± 0.3 C




	
T4

	

	
3.4 ± 0.1 C

	
7.4 ± 0.1 B

	
11 ± 0.3 B

	
3.1 ± 0.2 D

	
3.5 ± 0.2 B

	
7.1 ± 0.1 B

	
11 ± 0.1 B

	
3.0 ± 0.6 D




	

	
Control

	
3.6 ± 0.2 D

	
6.6 ± 0.1 D

	
11 ± 0.2 C

	
3.3 ± 0.3 D

	
3.5 ± 0.2 D

	
6.5 ± 0.1 D

	
11 ± 0.1 B

	
3.1 ± 0.2 D




	

	
Seaweed extract 1 g/L

	
4.0 ± 0.2 C

	
7.7 ± 0.1 C

	
12 ± 0.2 C

	
3.8 ± 0.1 C

	
3.9 ± 0.1 C

	
7.6 ± 0.1 C

	
11 ± 0.2 B

	
3.6 ± 0.2 C




	

	
Seaweed extract 2 g/L

	
4.3 ± 0.2 B

	
8.3 ± 0.1 B

	
13 ± 0.1 B

	
4.5 ± 0.4 B

	
4.2 ± 0.1 B

	
8.1 ± 0.1 B

	
12 ± 0.1 A

	
4.2 ± 0.2 B




	

	
Seaweed extract 3 g/L

	
4.5 ± 0.2 A

	
8.9 ± 0.2 A

	
13 ± 0.2 A

	
5.0 ± 0.1 A

	
4.8 ± 0.2 A

	
8.7 ± 0.2 A

	
14 ± 0.1 A

	
4.9 ± 0.2 A




	
T1

	
Control

	
3.9 ± 0.2 e

	
6.9 ± 0.1 g

	
11 ± 0.3 cd

	
3.6 ± 0.5 ef

	
3.8 ± 0.1 de

	
6.8 ± 0.1 g

	
11 ± 0.1 b

	
3.4 ± 0.3 f




	
Seaweed extract 1 g/L

	
4.4 ± 0.1 d

	
7.9 ± 0.1 cd

	
12 ± 0.1 c

	
4.6 ± 0.5 c

	
4.5 ± 0.2 bc

	
7.7 ± 0.1 cd

	
12 ± 0.2 b

	
4.3 ± 0.3 d




	
Seaweed extract 2 g/L

	
4.9 ± 0.2 bc

	
8.8 ± 0.4 b

	
14 ± 0.4 ab

	
5.6 ± 0.6 b

	
5.1 ± 0.1 a

	
8.7 ± 0.4 b

	
14 ± 0.1 b

	
5.3 ± 0.6 b




	
Seaweed extract 3 g/L

	
5.3 ± 0.2 a

	
9.7 ± 0.3 a

	
15 ± 0.1 a

	
6.3 ± 0.8 a

	
5.3 ± 0.1 a

	
9.8 ± 0.1 a

	
15 ± 0.1 a

	
6.1 ± 0.6 a




	
T2

	
Control

	
3.9 ± 0.2 ef

	
6.9 ± 0.1 g

	
11 ± 0.5 d

	
3.7 ± 0.8 e

	
3.8 ± 0.2 def

	
6.8 ± 0.1 g

	
11 ± 0.3 b

	
3.5 ± 0.2 e




	
Seaweed extract 1 g/L

	
4.3 ± 0.2 d

	
7.8 ± 0.2 cdef

	
12 ± 0.2 cd

	
4.6 ± 0.2 c

	
4.5 ± 0.1 bc

	
7.7 ± 0.1 cf

	
12 ± 0.2 b

	
4.5 ± 0.3 c




	
Seaweed extract 2 g/L

	
4.8 ± 0.1 c

	
8.8 ± 0.1 b

	
14 ± 0.3 b

	
5.6 ± 0.3 b

	
4.9 ± 0.1 ab

	
8.6 ± 0.2 b

	
14 ± 0.1 b

	
5.4 ± 0.3 b




	
Seaweed extract 3 g/L

	
5.2 ± 0.1 ab

	
9.7 ± 0.2 a

	
15 ± 0.4 ab

	
6.5 ± 0.2 a

	
5.3 ± 0.7 a

	
9.7 ± 0.2 a

	
15 ± 0.1 a

	
6.1 ± 0.4 a




	
T3

	
Control

	
3.3 ± 0.1 gh

	
6.4 ± 0.2 h

	
11 ± 0.4 d

	
3.0 ± 0.6 i

	
3.2 ± 0.1 g

	
6.3 ± 0.1 c

	
10 ± 0.1 b

	
2.8 ± 0.3 f




	
Seaweed extract 1 g/L

	
3.8 ± 0.1 ef

	
7.5 ± 0.1 ef

	
11 ± 0.2 cd

	
3.2 ± 0.1 h

	
3.3 ± 0.2 fg

	
7.3 ± 0.2 e

	
11 ± 0.2 b

	
2.9 ± 0.1 f




	
Seaweed extract 2 g/L

	
4.0 ± 0.3 e

	
7.8 ± 0.1 cdef

	
12 ± 0.4 cd

	
3.5 ± 0.3 g

	
3.4 ± 0.1 efg

	
7.5 ± 0.2 cd

	
11 ± 0.1 b±

	
3.2 ± 0.2 g




	
Seaweed extract 3 g/L

	
4.1 ± 0.1 de

	
8.1 ± 0.1 c

	
12 ± 0.2 c

	
3.8 ± 0.2 d

	
4.6 ± 0.2 bc

	
7.7 ± 0.2 de

	
12 ± 0.2 a

	
3.7 ± 0.4 e




	
T4

	
Control

	
3.2 ± 0.1 h

	
6.4 ± 0.1 h

	
11 ± 0.3 c

	
2.8 ± 0.2 j

	
3.1 ± 0.1 g

	
6.2 ± 0.1 e

	
10 ± 0.1 b

	
2.7 ± 0.5 h




	
Seaweed extract 1 g/L

	
3.4 ± 0.1 gh

	
7.5 ± 0.1 f

	
11 ± 0.2 cd

	
3.0 ± 0.2 j

	
3.3 ± 0.1 fg

	
7.2 ± 0.1 h

	
10 ± 0.1 b

	
2.8 ± 0.4 h




	
Seaweed extract 2 g/L

	
3.4 ± 0.1 gh

	
7.7 ± 0.1 def

	
12 ± 0.1 cd

	
3.2 ± 0.4 h

	
3.3 ± 0.1 fg

	
7.4 ± 0.1 ef

	
11 ± 0.1 b

	
3.0 ± 0.2 e




	
Seaweed extract 3 g/L

	
3.6 ± 0.1 fg

	
7.9 ± 0.1 cde

	
11 ± 0.1 cd

	
3.4 ± 0.4 g

	
4.1 ± 0.1 cd

	
7.6 ± 0.3 dc

	
12 ± 0.1 b

	
3.4 ± 0.3 b








T1, 100% of the recommended dose (RD) of mineral K; T2, 75% of the RD of mineral K + Biofertilizer; T3, 50% of the RD of mineral K + Biofertilizer; T4, 25% of the RD of mineral K + Biofertilizer. Means of the same treatments and in the same column followed by the same capital or small caps letter are not significantly different according to Duncan multiple range test (DMRT) at p ≤ 0.05. The main effects are identified with uppercase letters and the interactions are identified with lowercase letters, unless otherwise mentioned.
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Table 7. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on head quality of globe artichoke.






Table 7. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on head quality of globe artichoke.





	
Treatments

	
First Season (2018–2019)

	
Second Season (2019–2020)




	
Potassium Fertilizer

	
Foliar Spraying

	
Head Fresh Weight (g)

	
Edible Fresh Weight (g)

	
Head Length

(cm)

	
Head Diameter

(cm)

	
Head Fresh Weight (g)

	
Edible Fresh Weight (g)

	
Head Length

(cm)

	
Head Diameter

(cm)






	
T1

	

	
219 ± 5 B

	
64 ± 1 B

	
9.5 ± 0.2 A

	
8.2 ± 0.1 A

	
209 ± 2 A

	
61 ± 1 A

	
9.4 ± 0.0 A

	
8.1 ± 0.1 A




	
T2

	

	
224 ± 2 A

	
65 ± 2 A

	
9.5 ± 0.1 A

	
8.3 ± 0.1 A

	
216 ± 4 B

	
63 ± 1 A

	
9.5 ± 0.1 A

	
8.2 ± 0.1 A




	
T3

	

	
167 ± 4 C

	
52 ± 1 C

	
9.1 ± 0.1 B

	
7.3 ± 0.1 B

	
162 ± 1 C

	
45 ± 1 B

	
8.9 ± 0.1 B

	
7.3 ± 0.1 B




	
T4

	

	
161 ± 3 D

	
48 ± 1 D

	
9.0 ± 0.1 B

	
7.2 ± 0.1 B

	
156 ± 3 D

	
44 ± 1 B

	
8.9 ± 0.2 B

	
7.2 ± 0.1 B




	

	
Control

	
175 ± 1 D

	
51 ± 1 D

	
9.0 ± 0.1 C

	
7.4 ± 0.1 D

	
168 ± 1 D

	
48 ± 1 D

	
9.0 ± 0.1 D

	
7.3 ± 0.1 D




	

	
Seaweed extract 1 g/L

	
187 ± 3 C

	
55 ± 1 C

	
9.1 ± 0.2 C

	
7.6 ± 0.1 C

	
180 ± 2 C

	
51 ± 1 C

	
9.1 ± 0.1 C

	
7.5 ± 0.1 C




	

	
Seaweed extract 2 g/L

	
201 ± 2 B

	
43 ± 1 B

	
9.3 ± 0.2 B

	
8.0 ± 0.1 B

	
194 ± 4 B

	
54 ± 1 B

	
9.2 ± 0.2 B

	
7.9 ± 0.1 B




	

	
Seaweed extract 3 g/L

	
210 ± 4 A

	
64 ± 1 A

	
9.5 ± 0.1 A

	
8.1 ± 0.1 A

	
201 ± 4 A

	
59 ± 1 A

	
9.4 ± 0.2 A

	
8.0 ± 0.1 A




	
T1

	
Control

	
192 ± 5 e

	
55 ± 1 de

	
9.2 ± 0.2 efg

	
7.6 ± 0.1 d

	
184 ± 2 f

	
53 ± 1 d

	
9.1 ± 0.0 d–f

	
7.5 ± 0.1 de




	
Seaweed extract 1 g/L

	
212 ± 4 d

	
60 ± 1 c

	
9.3 ± 0.1 de

	
7.9 ± 0.1 c

	
202 ± 4 d

	
58 ± 1 c

	
9.2 ± 0.1 c–e

	
7.8 ± 0.1 bc




	
Seaweed extract 2 g/L

	
231 ± 3 c

	
67 ± 2 b

	
9.6 ± 0.1 bc

	
8.6 ± 0.1 b

	
221 ± 4 b

	
64 ± 1 b

	
9.4 ± 0.1 bc

	
8.5 ± 0.1 a




	
Seaweed extract 3 g/L

	
241 ± 4 b

	
73 ± 1 a

	
9.8 ± 0.1 ab

	
8.8 ± 0.1 ab

	
230 ± 5 a

	
71 ± 2 a

	
9.8 ± 0.2 a

	
8.7 ± 0.1 a




	
T2

	
Control

	
196 ± 2 e

	
56 ± 2 d

	
9.2 ± 0.1 def

	
7.6 ± 0.1 d

	
191 ± 4 e

	
55 ± 1 d

	
9.2 ± 0.1 c–e

	
7.6 ± 0.1 cd




	
Seaweed extract 1 g/L

	
217 ± 3 d

	
62 ± 1 c

	
9.3 ± 0.1 cd

	
8.0 ± 0.1 c

	
209 ± 4 c

	
60 ± 1 c

	
9.3 ± 0.1 b–d

	
7.9 ± 0.1 b




	
Seaweed extract 2 g/L

	
236 ± 4 bc

	
68 ± 1 b

	
9.7 ± 0.2 ab

	
8.7 ± 0.1 ab

	
228 ± 3 a

	
64 ± 1 b

	
9.5 ± 0.1 b

	
8.5 ± 0.1 a




	
Seaweed extract 3 g/L

	
248 ± 4 a

	
74 ± 2 a

	
9.9 ± 0.1 a

	
8.9 ± 0.2 a

	
234 ± 3 a

	
72 ± 1 a

	
9.9 ± 0.1 a

	
8.7 ± 0.1 a




	
T3

	
Control

	
158 ± 4 hi

	
47 ± 1 i

	
9.0 ± 0.1 fgh

	
7.2 ± 0.1 ef

	
152 ± 1 hi

	
43 ± 1 g

	
8.8 ± 0.1 gh

	
7.1 ± 0.1 gh




	
Seaweed extract 1 g/L

	
161 ± 2 h

	
51 ± 1 fg

	
9.0 ± 0.2 fgh

	
7.3 ± 0.1 ef

	
158 ± 1 h

	
44 ± 1 g

	
8.9 ± 0.0 f–h

	
7.2 ± 0.1 f–h




	
Seaweed extract 2 g/L

	
171 ± 3 g

	
53 ± 1 ef

	
9.1 ± 0.1 d–h

	
7.3 ± 0.1 ef

	
167 ± 4 g

	
44 ± 1 f ± g

	
9.0 ± 0.1 e–f

	
7.3 ± 0.1 e–g




	
Seaweed extract 3 g/L

	
179 ± 3 f

	
56 ± 1 d

	
9.2 ± 0.1 d–g

	
7.4 ± 0.1 de

	
172 ± 4 g

	
48 ± 1 e

	
9.1 ± 0.1 d–f

	
7.4 ± 0.1 d–f




	
T4

	
Control

	
153 ± 3 i

	
45 ± 1 i

	
8.8 ± 0.1 h

	
7.1 ± 0.1 f

	
146 ± 3 i

	
43 ± 1 g

	
8.7 ± 0.1 h

	
7.0 ± 0.1 h




	
Seaweed extract 1 g/L

	
157 ± 1 hi

	
47 ± 1 hi

	
8.9 ± 0.1 gh

	
7.2 ± 0.1 ef

	
151 ± 4 hi

	
43 ± 1 g

	
8.9 ± 0.2 gh

	
7.1 ± 0.1 gh




	
Seaweed extract 2 g/L

	
164 ± 2 h

	
50 ± 2 gh

	
9.0 ± 0.1 e–h

	
7.3 ± 0.1 ef

	
158 ± 2 h

	
44 ± 1 g

	
8.9 ± 0.1 fh

	
7.3 ± 0.1 f–h




	
Seaweed extract 3 g/L

	
171 ± 3 g

	
52 ± 1 fg

	
9.1 ± 0.1 d–h

	
7.3 ± 0.1 ef

	
167 ± 2 g

	
47 ± 1 ef

	
9.0 ± 0.1 e–g

	
7.3 ± 0.1 e–g








T1, 100% of the recommended dose (RD) of mineral K; T2, 75% of the RD of mineral K + Biofertilizer; T3, 50% of the RD of mineral K + Biofertilizer; T4, 25% of the RD of mineral K + Biofertilizer. Means of the same treatments and in the same column followed by the same capital or small caps letter are not significantly different according to Duncan multiple range test (DMRT) at p ≤ 0.05. The main effects are identified with uppercase letters and the interactions are identified with lowercase letters, unless otherwise mentioned.
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Table 8. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on total soluble solids, total sugars, and inulin content of globe artichoke heads.






Table 8. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on total soluble solids, total sugars, and inulin content of globe artichoke heads.





	
Treatments

	

	
First Season (2018–2019)

	
Second Season (2019–2020)




	
Potassium Fertilizer

	
Foliar Spraying

	
TSS (%)

	
Total Sugars (%)

	
Inulin (%)

	
TSS (%)

	
Total Sugars (%)

	
Inulin (%)






	
T1

	

	
7.3 ± 0.0 B

	
6.5 ± 0.1 B

	
1.4 ± 0.0 B

	
7.5 ± 0.0 A

	
6.3 ± 0.0 B

	
1.3 ± 0.1 B




	
T2

	

	
7.4 ± 0.0 A

	
6.6 ± 0.1 A

	
1.5 ± 0.1 A

	
7.6 ± 0.0 A

	
6.5 ± 0.1 A

	
1.4 ± 0.0 A




	
T3

	

	
7.2 ± 0.0 C

	
6.2 ± 0.0 C

	
1.4 ± 0.1 B

	
7.4 ± 0.0 B

	
6.3 ± 0.1 C

	
1.3 ± 0.1 AB




	
T4

	

	
7.1 ± 0.1 D

	
6.0 ± 0.1 D

	
1.3 ± 0.1 B

	
7.3 ± 0.0 B

	
6.2 ± 0.1 D

	
1.3 ± 0.1 A




	

	
Control

	
7.2 ± 0.1 C

	
6.1 ± 0.0 D

	
1.3 ± 0.0 C

	
7.3 ± 0.0 C

	
6.2 ± 0.0 B

	
1.3 ± 0.1 B




	

	
Seaweed extract 1 g/L

	
7.2 ± 0.0 C

	
6.2 ± 0.0 C

	
1.4 ± 0.0 B

	
7.4 ± 0.1 B

	
6.3 ± 0.1 B

	
1.3 ± 0.0 B




	

	
Seaweed extract 2 g/L

	
7.3 ± 0.1 B

	
6.5 ± 0.1 B

	
1.4 ± 0.1 A

	
7.5 ± 0.1 AB

	
6.4 ± 0.1 A

	
1.4 ± 0.1 A




	

	
Seaweed extract 3 g/L

	
7.4 ± 0.0 A

	
6.6 ± 0.1 A

	
1.5 ± 0.1 A

	
7.6 ± 0.1 A

	
6.5 ± 0.1 A

	
1.4 ± 0.1 A




	
T1

	
Control

	
7.2 ± 0.0 e–g

	
6.1 ± 0.1 fg

	
1.3 ± 0.1 fg

	
7.3 ± 0.1 e–g

	
6.3 ± 0.0 c–e

	
1.2 ± 0.0 de




	
Seaweed extract 1 g/L

	
7.3 ± 0.1 c–e

	
6.3 ± 0.0 c–e

	
1.3 ± 0.0 c–g

	
7.5 ± 0.1 b–f

	
6.2 ± 0.0 c–e

	
1.3 ± 0.0 c–e




	
Seaweed extract 2 g/L

	
7.4 ± 0.1 bc

	
6.8 ± 0.1 b

	
1.4 ± 0.0 b–g

	
7.6 ± 0.1 a–d

	
6.4 ± 0.1 bc

	
1.3 ± 0.0 b–e




	
Seaweed extract 3 g/L

	
7.5 ± 0.1 b

	
6.9 ± 0.0 ab

	
1.4 ± 0.0 b–d

	
7.7 ± 0.1 ab

	
6.5 ± 0.1 ab

	
1.4 ± 0.0 a–d




	
T2

	
Control

	
7.3 ± 0.1 c–f

	
6.2 ± 0.1 d–g

	
1.3 ± 0.0 c–g

	
7.4 ± 0.1 d–g

	
6.3 ± 0.1 b–d

	
1.3 ± 0.0 b–e




	
Seaweed extract 1 g/L

	
7.3 ± 0.1 b–d

	
6.3 ± 0.1 cd

	
1.4 ± 0.0 b–e

	
7.5 ± 0.1 b–f

	
6.4 ± 0.1 bc

	
1.4 ± 0.1 a–e




	
Seaweed extract 2 g/L

	
7.4 ± 0.1 b

	
6.9 ± 0.0 ab

	
1.0 ± 0.0 ab

	
7.7 ± 0.1 a–c

	
6.5 ± 0.1 ab

	
1.4 ± 0.0 ab




	
Seaweed extract 3 g/L

	
7.6 ± 0.1 a

	
7.0 ± 0.1 a

	
1.6 ± 0.0 a

	
7.8 ± 0.1 a

	
6.6 ± 0.1 a

	
1.5 ± 0.0 a




	
T3

	
Control

	
7.1 ± 0.1 f–h

	
6.1 ± 0.0 gh

	
1.3 ± 0.1 e–g

	
7.3 ± 0.1 fg

	
6.1 ± 0.1 d–f

	
1.3 ± 0.2 a–d




	
Seaweed extract 1 g/L

	
7.1 ± 0.0 gh

	
6.2 ± 0.0 e–g

	
1.4 ± 0.1 b–g

	
7.4 ± 0.1 c–g

	
6.3 ± 0.1 c–e

	
1.3 ± 0.1 c–e




	
Seaweed extract 2 g/L

	
7.3 ± 0.0 c–e

	
6.2 ± 0.0 e–g

	
1.4 ± 0.1 b–f

	
7.4 ± 0.1 d–g

	
6.4 ± 0.1 bc

	
1.4 ± 0.1 a–e




	
Seaweed extract 3 g/L

	
7.3 ± 0.1 c–e

	
6.4 ± 0.1 c

	
1.5 ± 0.0 a–c

	
7.6 ± 0.1 a–e

	
6.4 ± 0.1 a–c

	
1.4 ± 0.0 a–c




	
T4

	
Control

	
7.0 ± 0.1 h

	
5.8 ± 0.1 i

	
1.3 ± 0.0 g

	
7.1 ± 0.0 g

	
6.0 ± 0.1 f

	
1.2 ± 0.1 e




	
Seaweed extract 1 g/L

	
7.1 ± 0.0 gh

	
6.0 ± 0.0 h

	
1.3 ± 0.0 d–g

	
7.3 ± 0.1 fg

	
6.1 ± 0.1 ef

	
1.2 ± 0.1 de




	
Seaweed extract 2 g/L

	
7.2 ± 0.0 e–g

	
6.2 ± 0.1 e–g

	
1.4 ± 0.1 b–g

	
7.4 ± 0.2 dg

	
6.3 ± 0.1 c–e

	
1.3 ± 0.0 b–e




	
Seaweed extract 3 g/L

	
7.2 ± 0.1 d–g

	
6.2 ± 0.1 d–f

	
1.4 ± 0.1 b–e

	
7.4 ± 0.1 cg

	
6.3 ± 0.1 b–d

	
1.4 ± 0.0 a–d








T1, 100% of the recommended dose (RD) of mineral K; T2, 75% of the RD of mineral K + Biofertilizer; T3, 50% of the RD of mineral K + Biofertilizer; T4, 25% of the RD of mineral K + Biofertilizer. Means of the same treatments and in the same column followed by the same capital or small caps letter are not significantly different according to Duncan multiple range test (DMRT) at p ≤ 0.05. The main effects are identified with uppercase letters and the interactions are identified with lowercase letters, unless otherwise mentioned.
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Table 9. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on total flavonoids, total phenolic and fiber content of globe artichoke heads.






Table 9. The effect of potassium fertilizer, biofertilizer, and foliar spraying of seaweed extract on total flavonoids, total phenolic and fiber content of globe artichoke heads.





	
Treatments

	

	
First Season (2018–2019)

	
Second Season (2019–2020)




	
Potassium Fertilizer

	
Foliar Spraying

	
Total Flavonoids (mg of Catechin/100 g f.w.)

	
Fiber (%)

	
Total Phenolic Content (mg of Gallic Acid/100 g f.w.)

	
Total Flavonoids (mg of Catechin/100 g f.w.)

	
Fiber (%)

	
Total Phenolic Content (mg of Gallic Acid/100 g f.w.)






	
T1

	

	
12 ± 0.4 C

	
6.9 ± 0.3 A

	
292 ± 6 C

	
12 ± 0.3 C

	
6.3 ± 0.1 A

	
303 ± 5 C




	
T2

	

	
13 ± 0.4 A

	
6.7 ± 0.3 B

	
307 ± 2 A

	
14 ± 0.1 A

	
6.6 ± 0.1 B

	
291 ± 3 A




	
T3

	

	
12 ± 0.4 B

	
6.4 ± 0.1 C

	
297 ± 7 B

	
13 ± 0.6 B

	
6.4 ± 0.1 C

	
318 ± 6 B




	
T4

	

	
11 ± 0.3 D

	
6.3 ± 0.1 D

	
274 ± 11 D

	
11 ± 0.3 D

	
6.1 ± 0.1 D

	
311 ± 5 C




	

	
Control

	
11 ± 0.3 D

	
6.9 ± 0.3 A

	
276 ± 2 D

	
11 ± 0.3 D

	
6.7 ± 0.1 A

	
277 ± 4 D




	

	
Seaweed extract 1 g/L

	
12 ± 0.4 C

	
6.8 ± 0.1 A

	
286 ± 4 C

	
12 ± 0.4 C

	
6.6 ± 0.1 B

	
297 ± 8 C




	

	
Seaweed extract 2 g/L

	
13 ± 0.4 B

	
6.6 ± 0.1 B

	
301 ± 3 B

	
13 ± 0.4 B

	
6.2 ± 0.1 C

	
314 ± 4 B




	

	
Seaweed extract 3 g/L

	
13 ± 0.3 A

	
6.1 ± 0.1 C

	
309 ± 4 A

	
14 ± 0.4 A

	
5.6 ± 0.1 D

	
322 ± 5 A




	
T1

	
Control

	
10 ± 0.4 gh

	
7.1 ± 0.3 a

	
273 ± 6 hi

	
11 ± 0.3 gh

	
7.1 ± 0.1 a

	
268 ± 5 h




	
Seaweed extract 1 g/L

	
11 ± 0.4 ef

	
7.1 ± 0.1 a

	
286 ± 4 e–g

	
12 ± 0.4 ef

	
6.8 ± 0.1 b

	
284 ± 9 g




	
Seaweed extract 2 g/L

	
12 ± 0.3 d

	
6.8 ± 0.1 a–d

	
299 ± 4 cd

	
13 ± 0.2 d

	
6.4 ± 0.1 d

	
308 ± 6 d–f




	
Seaweed extract 3 g/L

	
13 ± 0.5 de

	
6.6 ± 0.1 c–f

	
308 ± 4 bc

	
12 ± 0.3 de

	
6.2 ± 0.1 ef

	
302 ± 7 ef




	
T2

	
Control

	
12 ± 0.4 d

	
7.0 ± 0.3 ab

	
289 ± 2 d–f

	
13 ± 0.1 d

	
6.9 ± 0.1 b

	
295 ± 3 fg




	
Seaweed extract 1 g/L

	
13 ± 0.2 c

	
6.9 ± 0.1 a–c

	
296 ± 2 c–e

	
14 ± 0.2 c

	
6.7 ± 0.1 bc

	
311 ± 4 de




	
Seaweed extract 2 g/L

	
14 ± 0.4 b

	
6.7 ± 0.1 b–c

	
314 ± 2 b

	
15 ± 0.4 b

	
6.4 ± 0.2 de

	
326 ± 4 bc




	
Seaweed extract 3 g/L

	
15 ± 0.3 a

	
6.4 ± 0.1 f

	
328 ± 8 a

	
16 ± 0.6 a

	
5.8 ± 0.1 g

	
341 ± 12 a




	
T3

	
Control

	
10 ± 0.4 ef

	
6.8 ± 0.1 a–d

	
279 ± 7 f–h

	
12 ± 0.5 d–f

	
6.5 ± 0.1 cd

	
287 ± 6 g




	
Seaweed extract 1 g/L

	
12 ± 0.4 d

	
6.7 ± 0.1 b–e

	
284 ± 9 e–h

	
13 ± 0.4 d

	
6.5 ± 0.1 cd

	
304 ± 2 ef




	
Seaweed extract 2 g/L

	
13 ± 0.2 c

	
6.4 ± 0.1 ef

	
307 ± 4 bc

	
14 ± 0.3 c

	
6.1 ± 0.1 ef

	
319 ± 4 cd




	
Seaweed extract 3 g/L

	
13 ± 0.4 b

	
5.8 ± 0.1 g

	
319 ± 5 ab

	
15 ± 0.6 b

	
5.4 ± 0.1 h

	
334 ± 10 ab




	
T4

	
Control

	
10 ± 0.3 h

	
6.7 ± 0.1 c–e

	
264 ± 11 i

	
10 ± 0.4 h

	
6.3 ± 0.1 de

	
258 ± 5 h




	
Seaweed extract 1 g/L

	
11 ± 0.4 h

	
6.5 ± 0.1 d–f

	
276 ± 7 gh

	
10 ± 0.3 gh

	
6.3 ± 0.1 de

	
288 ± 5 g




	
Seaweed extract 2 g/L

	
12 ± 0.4 f ± g

	
6.3 ± 0.1 f

	
284 ± 7 e–h

	
11 ± 0.2 fg

	
6.0 ± 0.1 f

	
303 ± 4 ef




	
Seaweed extract 3 g/L

	
12 ± 0.5 ef

	
5.6 ± 0.1 g

	
281 ± 7 f–h

	
12 ± 0.4 ef

	
5.2 ± 0.1 i

	
311 ± 4 de








T1, 100% of the recommended dose (RD) of mineral K; T2, 75% of the RD of mineral K + Biofertilizer; T3, 50% of the RD of mineral K + Biofertilizer; T4, 25% of the RD of mineral K + Biofertilizer. Means of the same treatments and in the same column followed by the same capital or small caps letter are not significantly different according to Duncan multiple range test (DMRT) at p ≤ 0.05. The main effects are identified with uppercase letters and the interactions are identified with lowercase letters, unless otherwise mentioned.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  agronomy-12-00490


  
    		
      agronomy-12-00490
    


  




  





media/file0.png





